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The recent work of Duran-Reynals (1) has demonstrated that simple 
water extracts of rat and rabbit testicle, when brought in contact with 
cell  suspensions  of  the  Brown-Pearce  rabbit  tumor,  exert  a  definite 
inhibiting effect upon  the transplantability  and growth of cells from 
such  suspensions  in  the intradermal  tissues of rabbits.  This action, 
which can also be produced by an  almost protein-free fraction, is in 
sharp contrast to the recognized power of extracts of testicle and, to a 
minor degree, of skin and some other organs, to enhance many bacterial 
and virus infections (2-7).  It has seemed desirable to test the action 
of these organ extracts upon other groups of tumors and to determine 
more definitely the nature of such activity. 
The Effect  of Testicle Extract  on Spontaneous  Tumors 
The  first  material  utilized  consisted  of  tumors  occurring  spon- 
taneously in the strains of mice propagated in this laboratory. 
The tumors varied considerably in size and location, but microscopically  all 
fell into  the  class  of simple  or  papillomatous adenocarcinomata.  They were 
excised under aseptic conditions with as little damage as possible to the host and, 
after the healthy tumor material was separated from the surrounding tissue  and 
freed from necrotic areas, it was treated in one of two ways.  In the first fifteen 
instances the material was minced, passed through a double layer of sterile gauze, 
and then halved.  One portion was mixed with an equal volume of a  Ringer's 
solution extract of normal rat testicle,  and the other with the same amount of 
plain Ringer's solution as control.  Testicle extract was prepared in the following 
manner: Adult rats were chloroformed,  bled, and the testes removed aseptically. 
The pulp was ground with sand, extracted with Ringer's solution,  1 cc. per gram 
* This investigation was  carried on by means of funds from the Rutherford 
Donation. 
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of pulp, and  centrifuged.  The  supernatant  fluid, or so called testicle  extract, 
was used within 3 hours. 
Both suspensions were incubated at 37°C. for 2 or 2½ hours and reinjected in- 
tradermally in corresponding regions of the abdomen or chest wall of the mouse 
from which the tumor had been removed.  The growth of the tumors was meas- 
ured weekly.  The animals died or were killed from 13 to 62 days after injection. 
The nature of the tumor was confirmed histologically  in every case. 
In the second group of 20 mice, the procedure was the same as that described 
above, except that grafts of the tumor tissue about 3 mm. in diameter were used 
instead of cell suspensions.  These were immersed in 1 cc. of testicle extract and, 
TABLE  I 
Effect of Testicle Extract on Autografls of Spontaneous  Tumors 
A.  Influence  on Growth 
Growth of  Larger  Same  Smaller  No growth  of test 
Testicle extract plus  test tumor,  growth  growth as  gr  °wth  tumor. 
~o grow~n  tnan  ~r  '  man  Growth of 
.....  c°ni°l 
of control  control  con~ o~  control 
Tumor cell suspension ................  1  1  0  4 
Tumor graft ........................  [  0  [  5  [  4  [  5 
B.  Influence on Transplantability 
No. mlcc  No. successful  Successful 
Type of transplant  inoculated  inoculations  inoculations 
Tumor suspension -4- Ringer's  ............. 
Tumor suspension "4- T. E ................ 
Tumor graft -4- Ringer's  .................. 
Tumor graft -{- T. E ..................... 
15 
15 
20 
20 
15 
14 
~¢r cent 
47 
4O 
75 
70 
after 1 hour incubation, were inoculated into the original host.  The grafts for 
control were incubated in Ringer's solution for the same length of time before in- 
oculation. 
The results of these two experiments, in which twenty-three  of the 
thirty-five inoculations resulted in tumors, are shown in Table I. 
While the treated tumor material gave a smaller number of takes and 
the  tumors  grew  somewhat  more  slowly  than  the  controls  in  some 
instances,  the  difference  was  not  of  sufficient magnitude  to  be  con- 
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to  show any difference between the tumors arising  from the  treated 
grafts and the controls. 
The Effect of Testicle Extract  on  Transplanted  Tumors 
Bashford  Carcinoma  63.--The  next  tests  were  carried  out  with  a 
transplantable adenocarcinoma, the Bashford 63. 
This tumor of relatively low malignancy was giving at the time of the experi- 
ments about 75 per cent of takes on routine transplantation.  Preliminary tests 
showed that the tumor was not easily transplanted by cell suspensions.  There- 
fore, in the twelve experiments,  grafts of the tumor about 3 ram. in diameter were 
TABLE  II 
Effect of Rat Testicle Extract upon Bashford  Carcinoma 
A.  Influence on Growtk Rate 
I  I  N  [Growth i  I  I  [  No 
nn  r  Lag  Same  Sm  ler  No.  u  tumo.  r  r  w  of test  •  s ccess-  g owth  growth  g o  th  Type  of  transplant  expcn-  u  No  tumor. 
ment  flly  r  wth  than  as  than  r, r  ~  [  I  inoc-  I g°.  |controllcontrol|controll~°?  ~ 
cont o  cont o 
T,=or gr t  plus testicle extract ....  /  ; 
B. Influence on Transplantability 
rumor -b Ringer's solution  Tumor q- testicle extract 
Type of tumor 
Graft ............................ 
Bolting cloth emulsion ............. 
No. 
mice 
inoc 
ula,~ 
74 
2O 
No.  Success-  Average 
success-  ful inoc.  diam- 
ful inoc- 
ulations ulatlons  eter 
per ce~  ¢m. 
43  58  1.28 
1  5 
No.  ~uccess-  Average 
success-  [ul inoc-  dlam- 
ful inoe.  alations  eter 
ulations 
~cr c~'~t  cm. 
42  57  1.08 
1  5 
used.  Before immersion in  testicle extract  or Ringer's solution these  were cut 
through  in several places so as to give a greater surface of  exposure.  The test 
grafts were kept in the extract and the controls in Ringer's solution for 30 to 90 
minutes at 37°C., except in two experiments in which they remained at room tem- 
perature.  The results of inoculation of these materials into 94 mice are shown in 
Table II. 
The  percentage  of  successful  transplants  from  test  and  control 
grafts  was  almost  identical,  indicating  the  absence  of  any  demon- 
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Mouse Sarcoma S/37.--A transplantable mouse sarcoma, known as 
S/37, was used in the next group of experiments. 
This tumor regularly gives 100 per cent takes, develops rapidly, and usually 
ulcerates between the  12th  and  16th day.  A  brei was  prepared  from  healthy 
tumor tissue by passing it through a masher with 1 mm. apertures.  Half of the 
material was placed in testicle extract and the other half  in  Ringer's  solution. 
The time of contact varied in the different experiments between 30 minutes and 
2½ hours.  In two of the six experiments the mixtures were kept at 37°C. while the 
others remained at room temperature.  Each of the 48 mice was inoculated with 
both the tumor tissue after contact with testicle extract and that which had been 
kept in Ringer's solution. 
All of the inoculations resulted in tumors and there was no signifi- 
cant difference in size between the test and the control ones. 
Attenuated S/37.--It  seemed possible that the unusual malignancy 
of the S/37 tumor might mask a  potential inhibiting factor in testicle 
extract.  To test this point  advantage was taken of the observation 
that the growth rate of this tumor is reduced if the grafts are immersed 
before inoculation in a fluid the pH of which is varied in either direction 
from the neutral  point.  In fact the growth rate of grafts treated in 
this  way is inversely proportional  to  the  degree  of deviation  of the 
hydrogen ion concentration of the fluid (unpublished observation). 
Healthy S/37 tumor tissue was first passed through a masher, then suspended in 
a few drops of Ringer's solution and squeezed through sterile bolting cloth.  By 
this process the tumor was broken up into small clumps comprised of not more than 
thirty or forty cells each.  The suspensions were divided into two equal portions, 
one of which was diluted with an equal volume of testicle extract and the other 
with an equal volume of Ringer's solution.  In some of the experiments a Berkefeld 
filtrate of testicle extract was used.  The fluids of the two cell suspensions,  testicle 
extract and Ringer's solution, were adjusted to a pH which had previously been 
shown to attenuate,  without  completely suppressing,  the growth of the grafts. 
In part of the experiments the pH was adjusted to 5.2 by the addition of an acetate 
buffer, and in the others to 8.4 with a phosphate or boric acid buffer.  The tumor 
cells were kept in this adjusted mixture for 75 minutes at room temperature. 
The above described procedure was varied in two additional groups of experi- 
ments.  In the first, the Ringer's solution in which the tumor cells were suspended 
was adjusted to a pH of 5.2.  After about an hour this suspension was divided into 
two portions, one diluted with an equal amount of testicle extract and the other 
with Ringer's solution,  and then immediately injected into mice.  In the second 
group thegrowth activity of the tumors was reduced by heating at 45°C. for 5 to RADFORD  C.  TANZER  459 
15  minutes,  after  which  the  tumor  cells  were  suspended  in  testicle  extract  or 
Ringer's solution for a period before inoculation. 
The results of all the experiments with modified S/37 are shown in 
Table In. 
It is evident from the figures in Table nI  that contact with either 
a plain testicle extract or its filtrate adversely affected the transplanta- 
TABLE  III 
Effect of Testicle Extract on Modified Mouse Sarcoma S/37 
Group  Modification 
of tumor 
X~rpe of testicle 
extract 
~  8  o 
• I 
I 
II 
III 
IV 
V* 
Total I-V  ...... 
VI 
Total I-VI  ..... 
pH 8.4 
pH 5.2 
pH 8.2 
pH 5.2 
pH 5.2 
Plain  2  11  0  1  3  7 
"  6  30  0  3  9  5 
Berkdeld  1  6  0  0  0  0 
filtrate 
"  "  4  23  0  4  2  9 
"  "  3  14  0  0  4  7 
16  84  0  8  18  28 
45°C. for  5- 
15m  in.  Plain  4  30  2  0  5  11 
20  114  2  8  23  39 
fi 
0 
13 
6 
8 
3 
30 
12 
42 
*In this group the tumor was divided into test and control portions after modi- 
fication, and contact with testicle extract was reduced to a  minimum. 
bility and growth rate of the modified tumor.  Inasmuch as the mix- 
tures of tumor and testicle extract in some cases required slightly more 
buffer than the control, one might assume this to be a possible cause of 
the results.  Such is not the case, however, as experiments in Group V 
show.  Here modification of the pH was accomplished before the sus- 
pension  was divided into  test and control portions,  thus eliminating 
variations due to the buffer; yet the inhibiting effect remained.  This 
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the period of contact with testicle extract outside of the body covered 
only the time necessary for inoculation.  The results suggest that  a 
very  short  exposure  suffices  to  produce  an  inhibitory  effect.  The 
action  of  testicle  extract  on  the  tumor  attenuated  by  heat  again 
gave evidence of the inhibitory action. 
Mouse Sarcoma 180.--It was suggested above that the failure of the 
testicle extract to influence the growth of the unmodified S/37 was due 
to its extreme malignancy.  That this was probably the correct deduc- 
tion was indicated by the results with the attenuated tumor.  To test 
this point further the same experimental procedure has been carried 
out with a mouse sarcoma of a lower grade of malignancy.  This tumor, 
No.  180,  grows well,  takes in weU over 90 per cent of cases,  and is 
TABLE IV 
Effect of Testicle Extract on Mouse Sarcoma 180 
Tumor emulsion plus 
Plain testicle  extract. 
Berkefeld  filtrate .... 
Total ..... 
i  Growth 
No.  No.  of test 
mice  tumor. 
experl-  inoc-  No 
growth  ments  ulated  of 
i  control 
6  29  2 
2  12 
8  41  2 
Larger 
growth 
than 
control 
2 
2 
4 
Same  Smaller 
growth  growth 
as  than 
control control 
5 
3 
8 
No 
growth 
of test 
tumor. 
Growth 
of 
control 
15  5 
4  3 
19  8 
principally notable for the fact that the usual methods of induction 
of immunity fail to influence its growth. 
The same technique was used in the preparation of the tumor material and the 
testicle extract as that described  above, except that there was no modification  of the 
pH of the solutions.  The suspensions were kept at  room temperature  for  75 
minutes.  Each mouse received an injection of both the testicle extract suspen- 
sion and the control suspension in Ringer's solution. 
The results, which show a  definite inhibiting action of the testicle 
extract on Sarcoma 180, are shown in Table IV. 
Effect of Purified Testicle Extract on Mouse Tumors 
The inhibiting action of rat testicle extract on Mouse Sarcoma 180 
and  the  attenuated  S/37  is  definitely shown  by  the  findings  here RADFORD  C.  TANZER  461 
reported.  Duran-Reynals  has  reported  that  a  purified  fraction  of 
testicle extract inhibits the growth of the Brown-Pearce rabbit tumor 
in much the  same degree  as  the  full  extract  (1).  This  fraction  1 is 
known  to contain in  concentrated  form the  so called Reynals factor 
which increases the intradermal  spread of injected materials and en- 
hances the action of infectious agents.  The effect of this fraction was 
next tested on mouse tumors. 
TABLE  V 
Effect of Purified Testicle Extract on Sarcomata S/37 and 180 
Type tumor 
S/37 
S/37 pH5.2 
180 
Total .... 
No. experi- 
ments 
No. mice 
inoculated 
7 
14 
21 
42 
Larger  [ 
growth than[ 
control  ! 
Same growth 
as control 
7 
10 
8 
25 
Smaller 
growth than 
control 
No growth of 
test tumor. 
Growth of 
control 
This group of experiments included tests on S/37 and  its modified 
strain as well as on Sarcoma 180.  The technique was the same as that 
described in the foregoing experiments, except that the purified frac- 
tion was used instead of the full testicle extract.  The results as shown 
in Table V yield no evidence of augmentation  or inhibition  of tumor 
growth. 
Effect of Heat on the Inhibiting Property of Testicle Extract 
The "spreading factor" in plain testicle extract is completely inac- 
tivated at a temperature of 60°C. (1, 3), though purified extracts retain 
their activity even after boiling.  If increase in tumor cell permeability 
were the factor causing  inhibition  of growth,  one would expect this 
property to be lost on heating. 
Testicle extract was heated  at 60  °,  80  °,  and  100  °  for  10 minutes, 
then  mixed  with  tumor  emulsions  as  in  previous  experiments.  As 
there was no diminution in the inhibiting action of the extracts heated 
t The details of the purification technique will be published later.  The frac- 
tion in 0.4 gin. has the enhancement value of 100 gin. of testicle material. 462  EFFECT  OF  TESTICLE  EXTRACT  ON  MOUSE  TU~ORS 
at different temperatures,  the results are tabulated together in Table 
VI.  A  control  group  in  which  muscle extract  was used instead  of 
testicle  extract  showed  no  inhibiting  action.  In  fact  the  tumors 
treated  with  this  material  grew  somewhat  more  rapidly  than  the 
controls. 
TABLE  VI 
Effect of Heated Testicle Extract on Sarcomata S/37 and 180 
Type of tumor 
180 
Modified S/37 
Total .... 
No.  Type of extract  inoculated 
Heated 60-100°C.  14 
"  60-100 °"  12 
~1  26 
Same growth 
as control 
10 
Smaller 
growth than 
control 
8 
3 
11 
No growth o~ 
test tumor. 
Growth of 
control 
DISCUSSION 
The  experiments  reported  above  show  that  testicle  extract  will 
inhibit the growth of a mouse sarcoma of a moderate degree of malig- 
nancy and an attenuated strain of another more highly malignant sar- 
coma.  The manner in which the testicle extract exerts its depressant 
effect on the tumors is not clear.  Devitalization of the tumor cells, 
or the stimulation of resistance in the host, or a  combined effect are 
the possibilities to be considered.  There  is much evidence that  the 
Reynals factor in testicle extract, which enhances the action of infec- 
tious agents, produces its effect at least in part by increasing tissue and 
cell permeability (4, 8, 9).  The fact that the fraction of testicle extract 
containing this factor in purified form was just as effective as the whole 
extract in inhibiting  the Brown-Pearce rabbit  tumor  led  Reynals  to 
suggest that  the tumor inhibiting  and infection enhancing  influences 
are manifestations of the action of a  single agent.  However, in the 
present experiments there is no evidence that  the purified fraction has 
any effect on the mouse tumors.  The question raised by this finding 
must receive further investigations before a conclusion can be reached. 
The fact that the tumor-inhibiting property of testicle extract is not 
destroyed by heat, while the infection-enhancing power is destroyed, 
adds another point of difference.  However, it has been shown that 
the Reynals factor freed from much of the inert testicle protein is itself RAD:FORD C.  TANZER  463 
heat-stable.  It may well be that  the  heat inactivation of the crude 
extract is due to a temporary adsorption of the factor on the coagulated 
protein,  and  that  in the experiments with tumors there is a  gradual 
release after the material i's inoculated into the body. 
The relationship of the Reynals factor to the tumor-inhibiting prop- 
erty of  testicle extract  is  not  definitely determined  by the  present 
work, nor have we sufficient evidence to indicate that the phenomenon 
here  described is  due  to  the  same  mechanism  as  the  inhibition  of 
Chicken Tumor I  (10). 
SUMMARy 
Grafts of a transplantable mouse sarcoma designated as No. 180, and 
those  of  an  attenuated  strain  of  a  more  malignant  Sarcoma  S/37, 
treated with testicle extract, either fail to grow on inoculation or result 
in  tumors  of a  lower growth  rate  than  the controls.  Autografts  of 
spontaneous mouse tumors so treated show little if any effect, while 
the  Bashford adenocarcinoma  and  the unattenuated  S/37  are unaf- 
fected.  The  factor in  testicle  extract  responsible  for  the  retarding 
activity passes readily through a Berkefeld filter and is thermostable. 
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